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Infections caused by antibiotic-resistant bacterial pathogens are a significant threat to public health. Many species of Gramþ bacteria display pili (hairlike filaments that protrude from the cell wall) to form biofilms and to adhere to host tissues and cells. Pili are constructed on the cell surface by sortase pilin polymerases, which link pilin subunits together via isopeptide bonds. Although pilus assembly has been studied at a cellular level, the mechanism of sortasecatalyzed isopeptide bond formation is poorly understood. Here we report the integrated use of x-ray crystallography, NMR, biochemistry, biophysics and cellular biology methods to explore the mechanism of assembly of the archetype SpaA-pilus from Corynebacterium diphtheriae. The crystal structure of the pilin polymerase, SrtA, reveals that it is held in an inactive state by an auto-inhibitory ''lid'' structure. We demonstrate that targeted mutations introduced into the lid activate the enzyme and enable in vitro pilus assembly. Phylogenetic comparisons, amino acid mutagenesis, NMR and a novel in vitro assay define unique enzyme features required for isopeptide polymerization activity and provide insight into the structure of the reaction intermediate that is formed during repeated polymerization cycles. Finally, we present progress toward determining the solution structure of the basal SpaB pilin subunit, which is required for efficient cell wall anchoring of the completed pilus polymer. The structure and mechanistic studies of SpaB incorporation into the completed pilus provide insight into the mechanism of termination. The pilus assembly reaction studied here is highly conserved and can be important for bacterial virulence, thus the results of this work are broadly applicable and may facilitate the design of pilus assembly inhibitors with useful therapeutic properties. Omega loops are known to play an important role in controlling the structure and function of proteins. In this work, we have studied the role of omega loop mutants of human cytochrome c in controlling its structure and function. We generated two mutants using site-directed mutagenesis in the omega loop at positions 44 and 51 by replacing alanine to cysteine residues. Protein samples purified from the E. coli expressing the wild-type and the mutants were compared using in vitro caspase-3 activity assay. Differential scanning calorimetry data of these proteins suggests that the A44C and A51C mutants are less stable than the wild type protein. Lowering of the Tm for both mutants indicate a decline in their stability. Additionally, the preliminary results from the in vitro cell free caspase 3 activity assay indicates enhanced caspase activity of A44c compared to wild type. To decipher what structural changes underlying this altered activity we used isotopic labeling and the use of 2D nuclear magnetic resonance (NMR) spectroscopy, analysis of the structure of A44C. , that delivers one-dimensional (1D) annotation of the membrane topology and secondary structure, two-dimensional (2D) prediction of the contact/distance map, together with three-dimensional (3D) modeling of the MP structure in the lipid bilayer, for each MP target from a given model organism. The precision of the computationally constructed MP structures is leveraged by state-of-the-art deep learning methods as well as cutting-edge modeling strategies. In particular, (i) we annotate 1D property via DeepCNF (Deep Convolutional Neural Fields) that not only models complex sequence-structure relationship but also interdependency between adjacent property labels; (ii) we predict 2D contact/distance map through Deep Transfer Learning which learns the patterns as well as the complex relationship between contacts/distances and protein features from non-membrane proteins; and (iii) we model 3D structure by feeding its predicted contacts and secondary structure to the Crystallography & NMR System (CNS) suite combined with a membrane burial potential that is residue-specific and depth-dependent. PredMP currently contains more than 2,200 multi-pass transmembrane proteins (length<700 residues) from Human. These transmembrane proteins are classified according to IUPHAR/BPS Guide, which provides a hierarchical organization of receptors, channels, transporters, enzymes and other drug targets according to their molecular relationships and physiological functions. Among these MPs, we estimated that our approach could predict correct folds for 1,345-1,871 targets including a few hundred new folds, which shall facilitate the discovery of drugs targeting at MPs. 
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-and other radioactive isotopes. Development of NIS mutants which could translocate efficiently the desired imaging ions is currently underway. Unfortunately, it is hindered by lack of understanding of the 3D organization of NIS and its relation to the anion transport. There are no known crystal structures of NIS in any of its conformational states. Instead, the structural underpinnings of NIS transport have been probed with mutagenesis studies and through parallels with other similar transporters. Homology modelling can be very effective in such situations, however the sequence identity between NIS and the relevant secondary transporters with available experimental structures is very low, which makes the choice of a template and the validation of sequence alignments and generated 3D models non-trivial. Here we report a homology model of NIS in its occluded state, based on 6 different templates (LeuT, vSGLT, Mhp1, AdiC, BetP and dDAT). Our model was validated on the basis of important mutations occurring in all 6 templates and additional proteins found in human cells (hSGLT, hSERT, hDAT). Some important binding and gating residues, which emerged from the 3D structure of the model and from preliminary molecular dynamics simulations and free energy calculations of ion-protein binding, were identified and subjected to further mutagenesis and anion uptake tests. Proteins perform important tasks in every living organism and are an essential part of life. Studying the structure of proteins helps to understand certain interactions in a biological system and can be applied to other fields, like improving drug design. Despite incredible progress in experimental techniques, protein structure determination is arduous. Here, we suggest a complementary new method of de novo protein structure prediction. Direct coupling analysis (DCA) quantifies coevolution of amino acid pairs in large sequence alignments, where high scoring pairs can be interpreted as spatially adjacent. Regular molecular dynamics simulations are computationally too costly to identify the native conformation in straightforward simulations. One reason is entrapment in one of the many local minima. By integrating DCA-derived contacts as constraints into molecular simulations we smoothen the energy landscape and guide structure prediction. Additionally, any residual entrapment will be overcome by the technique of replica exchange. With this combination of techniques, it should be possible to predict the native structure de novo, i.e. without prior knowledge of structural elements, in a single simulation run. To study our methods performance we investigate proteins of different complexities by using various numbers and quality of constraints.
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Meld Folds Nonthreadable Proteins James Robertson, Alberto Perez, Ken Dill. Laufer Center for Physical and Quantitative Biology, Stony Brook University, Stony Brook, NY, USA. Protein structure prediction is important because not all protein structures are easily determined from experiment and being able to accurately and reliably predict structure from sequence allows for understanding structure-function relationships and provides structures for structure-based drug design. The state of the art in protein structure prediction is to use bioinformatics-based methods such as threading. This method is suitable for approximately 85% of the human proteome, but poses a problem for the remaining 15% of proteins that remain inaccessible, or ''nonthreadable''. Bioinformatics algorithms fail to predict nonthreadable proteins because the required fragment structures are missing from the databases that threading relies upon to build an accurate protein model. When databases lack the necessary information to solve the problem, methods that rely on databases have no way to come up with a correct solution. An alternative approach is needed to solve nonthreadable protein structures. A physics-based (and database-free) method using atomistic molecular dynamics simulations should accurately predict these structures. Additionally, physicsbased methods are advantageous because, in addition to providing native state protein structures, they provide dynamics and folding pathways; the simulations also obey Boltzmann's law and provide populations, thus giving access to folding free energies, which can be used to further refine our physicsbased approach. Physics-based atomistic simulations have been limited by the computational expense of folding proteins, but MELD greatly accelerates folding simulations by using replica exchange molecular dynamics that incorporates native contact predictions in a probabilistic manner. We show that MELD successfully folds a number of nonthreadable proteins. We aim to improve the prediction of large and multidomain protein structures, which are biologically crucial but experimentally difficult to determine. There is experimental evidence that protein folding can occur via an ordered process of foldon-determined steps, in which small units (foldons) fold sequentially and guide the folding of subsequent units. Inspired by this folding pathway, we divide protein structures into two smaller, semi-stable segments, and predict these individually in succession. Preliminary results indicate that individual 'foldons' can be predicted without the presence of the rest of the protein, and that building the second foldon from a correct model of the first enables the prediction of previously intractable targets.
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Novel Coarse-Graining Approaches for Large Scale Protein Modeling Aleksandra E. Dawid, Andrzej Koli nski, Dominik Gront. Faculty of Chemistry, University of Warsaw, Warsaw, Poland. Coarse-grained modeling of biomolecules plays very important role in molecular biology. Realistic coarse-grained 1 protein models, assuming a small number (2-4) of pseudo-atoms (or ''united atoms'') representing single amino acid units, proven to be very productive. Depending on structure representation, force field definition, sampling schemes and some programming details popular coarse-grained simulation schemes are about 3 orders of magnitude faster than classical molecular dynamics. Such speed-up of simulations is still insufficient to solve many of real problems, for instance to make structure prediction of not too small protein by modeling its folding process. Qualitatively different approaches seem be necessary. SURPASS (Single United Residue per PreAveraged Secondary Structure fragment) model 2 of proteins presented here surpasses some limitations of coarse-grained models, enabling efficient modeling of long time dynamics and structures of large proteins and (after simple extensions) multi-domain proteins and protein complexes. The model assumes single center of interaction per residue, accounting for pre-averaged effects of four adjacent residues. Knowledge-based statistical potentials encode complex interactions of these fragments. The SURPASS approach can be incorporated into efficient multiscale molecular modeling of large systems. At the second stage of modelling a high-resolution coarse-grained model is used to optimize 3 low-resolution structures. Finally, an all-atom stage is employed for final model refinement and evaluation. Proteins are the central players in biology, and a deeper understanding of their behaviors will facilitate the more meaningful interpretation of genome data. Rapid progress in genome sequencing has already provided hundreds of millions of protein sequences, and similar advances in structural biology now provide over 100,000 protein structures, which are deemed to be a nearly complete set of characteristic structures (folds). The present work utilizes the Big Data of protein sequences and structures, which have grown rapidly, to develop a more reliable way to link between sequences and phenomes. Previously statistical methods were developed that infer correlation signals from protein multiple sequence alignments, and these were applied successfully to protein structure prediction. However these methods still suffer from high false-positive rates. The indirect correlations and the direct correlations mixed together, plus the noise in the raw data, make it difficult to remove false-positive results. By carefully combining the information from 84,287 protein structures and 22,346,130 sequences from 7,990 protein folds, our approach greatly improves the accuracy of selecting the true residue correlations, from which the patterns of compensatory mutations are extracted the patterns of residue interactions revealed. Many of the amino acid substitutions are unexpected when compared to the substitutions from the BLOSUM series of substitutions. We derived a 574a
